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Most of the Catalonian population and urban areas are located along the Mediterranean coastal 
zone and for this analysis three largest Catalonia’s cities are chosen: Barcelona, Terrassa and 
Tarragona. Each city is a geographical representative of a different climate type according to the 
re-analysed Köppen-Geiger climate classification. The objective of this research is to demonstrate 
the effects of regional climate variations on the potential of natural ventilation (NV) application in 
building design. The first part of the article presents the availability of NV corresponding to 
yearly climate conditions applying the methodology “Climate potential for natural ventilation” 
(CPNV). In the continuation, the second analysis is calculated with building energy simulation 
software and displays possible refrigeration energy savings in three geographical locations. 
Mixed-mode (or hybrid-mode) and night-ventilation techniques are applied for the cooling 
process of a hypothetical low-rise office building model. 
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The Kingdom of Spain, as the member state of the European Union (EU), is currently in the so 
called “energy transition”, that is to say, in the implementation process of renewable energy 
sources and energy efficiency in the domestic power system. The EU’s outlined target for Spain’s 
federal energy sector reform is to have 20% of renewable energies in the gross final energy 
consumption by the year 2020, and 27% by 2030 as planned EU minimum, with a revision stage 
for the possible increase to 30%. The current official level of implementation is 17.3% which is 
ahead of the projected 12.1% [1]. However, the positive image of “the progress made in achieving 
the objectives has basically been due to the development of renewable power generation and the 
economic crisis that has led to a reduction in energy consumption, but not to a structural change in 
final energy consumption” [2]. 
Catalonia, as an autonomous community of Spain, defined at its local level a preliminary energy 
efficiency  program called “National pact for the Energy Transition of Catalonia“ which is 
announced as a national priority project and defines the transition model during 2017-2050. The 
first phase for the year 2020 is determined the same as on Spain’s federal level. Nevertheless, the 
intention for 2030 is to achieve 70% presence of renewable energies, and the final objective is a 
model named “100% renewable in the year 2050” for the domestic power system. According to 
the state policy, the ambition is to gain a higher “energetic independence” and to develop “an 
energy efficient and competitive country” [3].  
Currently, non-renewable energy sources dominate in the Catalonia’s energy production with 
81.6%, and the major part 53.5% is the nuclear power. The renewable energies participate with 
18.4%, where the primary sources are: hydropower 10.5%, wind power 5.9%, photovoltaic power 
0.9% etc. [4]. Catalonia’s building sector consumes 23.4% of the final electric energy, or 15.1% 
of the gross total final energy. Although Catalonia manages to lower down the average annual 
final electricity consumption by 0.3% [5], on the other side, at Spain’s federal level the current 
average annual growth is 2.5% [6]. 
In this respect, the objective during the energy transition route is to search, investigate and 
implement renewable energy sources in all sectors with a regard to outweigh the current 
domination of non-renewable energies [3].  
 
Since the concerns for the human environment and energy efficiency emerged on the world scale, 
the natural ventilative cooling strategies became one of the key components in the modern energy-
efficient building design. NV passive techniques are deeply rooted throughout the history and 
nowadays are updated according to new investigations in the fields of human hygrothermal 
comfort and sustainable building design. 
 
This paper describes the geo-climatic applicability of NV in the Mediterranean coastal region of 
Catalonia, the autonomous community of the Kingdom of Spain, located in the northeast part of 
the Iberian Peninsula in the southwest corner of Europe continent. The scope of this research is to 
provide useful guidelines and basic energy efficiency parameters mainly to architects, engineers 
and policy makers in order to visualize the climate potential for the implementation of NV 
systems. NV strategies could be applied on a larger scale, along with other renewable energy 
techniques, with the final aim to make a more significant role in the present shifting towards the 
reduction of energy loads in the Catalonia’s building sector. 
 
Specific studies for the evaluation of NV potential that were recently conducted are also related to 
the Mediterranean climate system. The global analysis done by Chen et al. [7] calculated NV 
potential of 1854 geographic locations using “NV hour” parameter. Furthermore, the comparative 
energy savings for the world’s 60 largest cities are calculated with a detailed building simulation. 
At the level of the Mediterranean basin, Chiesa and Grosso [8] formulated “Cooling Degree 
Hour” (CDH) and the analysis also includes a correlation between actual adaptive thermal 
comfort standards. The ventilative cooling state-of-the-art overview elaborated by Kolokotroni 
and Heiselberg [9] displays the latest NV technological opportunities in the building sector with a 
wide spectre of evaluation tools and methods.  
 
 
2. Climate description 
 
The updated Köppen-Geiger map of the world climate classification [10] and the recently 
published high-resolution map (representing data for the more recent 25-year period 1986-2010) 
[11], display a more detailed climate diversity of this part of Iberian Peninsula (Figure 1). Three 
climate types are prevailing along the seaside of Catalonia:  “Csa” - Hot-summer Mediterranean 
climate, “Cfa” - Humid subtropical climate and “Bsk” - Cold semi-arid. “Csa” is the typical 
climate along the Mediterranean coast, while the areas influenced more by the continental climate 
are classified as “Bsk” climate type. On the other side, the lower part of the northern mountain 
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The lower limit for the supply air temperature	 , ) is set at 10°C (7) and the upper limit	 , ) is 
set to be equal to the upper indoor acceptable temperature ( , but less than 33.5°C as the 
maximum air supply temperature level (8). 
 
,   = 10°C 




The usually considered acceptable interior air RH level is between 30% and 70%, as it is 
elaborated in CPNV methodology related to other common known sources. On the other side, 
according to CEN Standard EN15251, it is stated that “humidity has only a small effect on 
thermal sensation and perceived air quality in the rooms of sedentary occupancy” [17]. Another 
research suggests that “no specific guidance is provided for natural ventilation systems. If higher 
moisture levels are allowed, materials should be selected to be moisture tolerant” [18]. In 
addition, an article which analyses the NV function in hot-humid climates, affirmed that there is 
no required upper limit for the interior air RH [19].  
This part of the Mediterranean basin is characterized with a higher outdoor air RH level, and the 
highest annual RH among three analysed cities is 74% in Barcelona. In this regard and 
particularly for this study, the upper RH limit (  is adapted to the previously described local 
Mediterranean climate and is set to 80% while the lower relative humidity limit (  is 
maintained at 30%.  
 
According to the CPNV methodology, both lower and upper humidity ratio limits ( , 	; 	 , ) 
for the outdoor supply air are calculated with the following equations (9, 10) where the saturation 










 ;   = ) (10)
 
The considered equation for the approximate calculation of  	 is: 
	
	 	610.7	 	10 . 	 	 / . 			
	
11
Regarding the NV operation time, a 24 hour day period is divided in two cycles: the presumed 
working time schedule 08-18h and the rest of the day 19-07h, usually considered as the night-time 
ventilation period [20]. 
 
 
3.2. Building energy simulation 
 
A model of an office type three-story open-plan building (Figure 10) is designed with 
DesignBuilder (DB) software [21] in order to calculate the possible energy savings for each of 
three cities within its climate zones. The software model represents a basic office narrow-plan 
building wing, with limits on the zone common height to depth ratios: the footprint dimensions 
are 15m x 50m and the floor-to-floor height is h=3.5m. Gross floor area is 750m². The basic 
cross-ventilation passive technique is used, that is to say, the outdoor air is introduced through 
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Nonetheless, a moderate level of energy efficiency displays the simulation of night-time 
ventilation mode (NtV), in the range between 18% and 23% (Figure 11), which is less technically 
demand and one passive energy saving technique. Barcelona location demonstrates a 
proportionally decreased NtV efficiency comparing to Terrassa and Tarragona as a result of lower 





The first analysis, based on CPNV methodology, provides a visualisation of NV availability for 
each city geo-location regarding the human hygrothermal comfort and particular climate 
conditions taking into consideration both NV refrigeration and ventilation use throughout the 
year.  
On the other side, in the second part of this research, the energy simulation outcome shows that 
NV is capable of reducing the building energy loads during the cooling period from April to 
October, with the different potential according to local climate conditions. In this context, certain 
weaknesses and strengths are indicated. The unfavourable weather conditions for day-time mixed-
modes operations are during July and August, due to elevated outdoor temperatures, where the use 
of COM demonstrates the lowest energy saving capacity in the range between 1% and 6% (Table 
3). However, the potential of day-time modes is most advantageous during transition seasons 
(spring and autumn), and moreover, in the combination with night-time ventilation such NV 
configurations can provide the calculated efficiency level throughout all yearly cooling period. 
The final results display the opportunities regarding which part daily hybrid and night-ventilation 
modes can cover in the building cooling energy reduction. Here evaluated NV strategies could 
take a promising part in the overall reduction of building energy consumption along with the other 
contemporary sustainable techniques. 
  
Despite the existing limitations, this paper is related to the theoretical use of NV based on the 
present meteorological database and the hygrothermal comfort conditions are partly adapted to the 
particular local climate system.  
Respecting the meteorological data, future studies for this climate region should include actual 
scenarios of global climate change tendencies. The estimated temperature rise will surely produce 
the negative effects on the overall NV potential, notably during July and August where the 
particular day-time NV modes could be negligible. Regarding also that the global warming affects 
the timing of the seasons, the current typical building refrigeration period will tend to start earlier 
in spring and end later in autumn [9].  
Moreover, future studies could also consider the adaptability of buildings to Mediterranean 
climate conditions through a defined structural type system that is capable to efficiently generate 
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